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[57] ABSTRACT 
Method and apparatus which utilize an LCD modulator 
array for printing and/or enlarging an image recorded 
in a color ?lm negative, a positive transparency or a 
color print, which LCD modulator array has pixels 
whose “closing time" (the time it takes to convert a 
pixel from a condition wherein it transmits radiation to 
a condition wherein it blocks radiation) is substantially 
longer than their “opening time” (the time it takes to 
convert a pixel from a condition wherein it blocks radia 
tion to a condition wherein it transmits radiation). In 
accordance with the present invention, each pixel of the 
LCD modulator array is opened and closed in a rapid 
sequence, one after the other, at intervals which are 
much shorter than the closing time of the pixels of the 
LCD modulator array. The amount of radiation trans 
mitted by each rapidly opened pixel is determined by 
detecting a spike of radiation which is transmitted 
through the rapidly opened pixel and by detecting and 
subtracting a background amount produced by radia 
tion which is transmitted through other, slowly closing 
pixels. 

16 Claims, 3 Drawing Sheets 
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APPARATUS AND METHOD UTILIZING AN LCD 
FOR PRINTING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention pertains to methods and appa 

ratus which utilize an LCD modulator array for print 
ing and/or enlarging an image recorded in a color ?lm 
negative, a positive transparency, a color print or elec 
tronically. 

2. Description of the Prior Art 
A full color printer and/or enlarger which utilizes an 

LCD modulator array for printing and/or enlarging an 
image recorded in a color ?lm negative, a positive trans 
parency or a color print must scan the color ?lm nega 
tive a number of times to acquire information about the 
images’ chromanance and density. For example, once 
for each of three colors, to obtain a density value which 
is associated with each pixel (picture element) of the 
LCD modulator array. In practice, the scan time re 
quired to perform each scan can be quite long because 
of the response times of typical liquid crystal materials 
used in LCD modulator arrays. For example, FIG. 1 
shows a response time curve for a typical LCD mate 
rial. As one can readily appreciate, the “opening time" 
of a pixel in the LCD modulator array, i.e., the time it 
takes for the pixel in the LCD modulator array to con 
vert from a state where less than or equal to about 1% 
of the radiation incident thereupon is transmitted to a 
state where over 90% of the radiation incident there 
upon is transmitted, is typically about 0.1 ms and the 
“closing time” of the pixel in the LCD modulator array, 
i.e., the time it takes for the pixel in the LCD modulator 
array to convert from a state where over 90% of the 
radiation incident thereupon is transmitted to a state 
where less than or equal to about 1% of the radiation 
incident thereupon is transmitted, is typically about 20 
ms. to 30 ms. Consequently, if one were to utilize even 
a coarse 64X 64 pixel LCD modulator array in a printer 
and/or enlarger, the total opening time for the pixels of 
the LCD modulator array during each scan would be 
approximately 4 seconds and the total closing time for 
the pixels during each scan could be several minutes. 
Thus, a typical LCD modulator array utilized in a mode 
in which each pixel is opened and closed before the next 
succeeding pixel is opened and closed during each scan 
results in an extremely slow printer and/or enlarger. 
Another additional problem associated with the use 

of an LCD modulator array for printing and/or enlarg 
ing an image recorded in, for example, a color ?lm 
negative occurs because the pixels in an LCD modula 
tor array are not completely opaque, even when com 
pletely closed. Speci?cally, because each pixel in a 
typical LCD modulator array is a leaky polarizer, an 
opacity problem occurs when an LCD modulator array 
is utilized for printing and/or enlarging. This opacity 
problem can be understood by considering a typical 
case where a closed pixel leaks about 1% of the radia 
tion incident thereupon. For such a case, if the pixels of 
a 4000 pixel LCD modulator array were exposed, one at 
a time, for each of the three colors required to make a 
full color print, this would produce an unmodulated 
background exposure about forty times as great as the 
exposure which results from opening and closing a 
single pixel at any given time. Such a modulator would 
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2 
be almost ineffectual in varying the exposure locally in 
the print. 
As one can readily appreciate from the above, there is 

a need in the art for method and apparatus which utilize 
an LCD modulator array for printing and/or enlarging 
an image recorded in a color ?lm negative, a positive 
transparency, or a color print, which method and appa 
ratus: (a) operate rapidly; (b) utilize an LCD modulator 
array which is comprised of pixels whose closing time 
plus opening time is approximately 30 milliseconds; and 
(c) achieve a modulation ratio of 10:1 (adequate for 
dodging applications) to 100:1 (adequate for printing a 
photograph from electronically stored information). 

SUMMARY OF THE INVENTION 

Embodiments of the present invention comprise 
method and apparatus which utilize an LCD modulator 
array for printing and/or enlarging an image recorded 
in a color ?lm negative, a positive transparency, or a 
color print, which method and apparatus: (a) operate 
rapidly; (b) utilize an LCD modulator array which is 
comprised of pixels whose closing time plus opening 
time is approximately 30 milliseconds; and (c) achieve a 
modulation ratio of 10:1 (adequate for dodging applica 
tions) to 100:1 (adequate for printing a photograph from 
electronically stored information). In particular, in ac 
cordance with the present invention, each pixel of the 
LCD modulator array is opened and closed in a rapid 
sequence, one after the other, at intervals which are 
much shorter than the closing time of the pixels of the 
LCD modulator array. The amount of radiation trans 
mitted by each opened pixel of the LCD modulator 
array is determined by detecting a spike of radiation 
which is transmitted through the rapidly opened pixel 
and by detecting and subtracting a background amount 
produced by radiation which is transmitted through 
other, slowly closing pixels. By referring to FIG. 1. one 
can see that: (a) a photosensor exposed to radiation 
transmitted by the LCD modulator array will provide a 
rapidly rising response when a pixel is opened and (b) 
the photosensor response will decay gradually. in ac 
cordance with the curve shown in FIG. 1 and the local 
density of, for example, the color ?lm negative, when 
the pixel is subsequently closed. However, in accor 
dance with the present invention, the tail-end informa 
tion of the decaying photosensor response is unneces 
sary, and it is truncated by opening the next pixel in a 
sequence of pixels in the LCD modulator array to gen 
erate another rise in the photosensor response. As a 
result, a savings in time for a full scan may readily be a 
factor of 10 or 100. 

In preferred embodiments of the present invention, 
the pixels of the LCD modulator array are opened and 
closed in response to signals provided by a controller 
means, and the radiation transmitted through the LCD 
modulator array and, for example, the color ?lm nega 
tive, is detected by photosensor means. The controller 
converts the response from the photosensor means 
which is exposed to radiation transmitted by the LCD 
modulator array into: (a) a “background” sample of the 
radiation transmitted by the LCD modulator array be 
fore the controller sent a signal to cause a particular 
pixel in the LCD modulator array to be opened and (b) 
a “spike” sample of the radiation transmitted by the 
LCD modulator array after the controller sent a signal 
to cause the particular pixel to be opened. The control 
ler then determines a measure of the amount of radiation 
transmitted by the particular pixel to be the difference 
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between the “spike" sample corresponding to the level 
of the radiation received by the photosensor after the 
particular pixel was opened and the “background" sam 
ple corresponding to the level of radiation received by 
the photosensor before the particular pixel was opened. 
This amount of radiation is the amount of radiation 
which impinges upon the color ?lm negative as a result 
of opening the particular pixel. The controller then 
examines the response from the photosensor means 
which is disposed to detect radiation transmitted by the 
color ?lm negative. The controller converts this re 
sponse into a “?lm” sample of the radiation transmitted 
by the color ?lm negative at the time the “spike” sample 
is taken, i.e., after the particular pixel was opened. The 
“?lm” samples of radiation transmitted by the color ?lm 
negative are stored for later use during printing and/or 
enlarging. 
As explained above, a pixel of the LCD modulator 

array is not completely opaque, even when fully closed. 
As a result, to prevent dilution of the modulating action, 
the inventive method and apparatus which utilizes an 
LCD modulator array for printing and/or enlarging an 
image recorded in, for example, a color ?lm negative 
operates as follows. All the pixels in the LCD modula 
tor array are opened at once and each one is closed by 
a controller, when it has produced the required expo 
sure appropriate for its local area of the color ?lm nega 
tive. 
Although we have described the present invention in 

terms of LCD modulator arrays having a small opening 
time and a relatively large closing time, it should be 
clear to those of ordinary skill in the art that LCD 
modulator arrays which are comprised of pixels having 
a small closing time and a relatively long opening time 
may be utilized to provide embodiments of the present 
invention in a manner which is analogous to the above 
described embodiments. In addition, it should be clear 
to those of ordinary skill in the art that such LCD mod 
ulator arrays may be fabricated by rotating the direction 
of polarization of polarizers which comprise the LCD 
modulator arrays. 

DESCRIPTION OF THE DRAWINGS 

The novel features that are considered characteristic ' 
of the present invention are set forth with particularity 
herein, both as to their organization and method of 
operation, together with other objects and advantages 
thereof, and will be best understood from the following 
description of the illustrated embodiments when read in 
connection with the accompanying drawings wherein: 
FIG. 1 shows, in graphical form, a response time 

curve for a typical LCD material; 
FIG. 2 shows, in pictorial form, an apparatus fabri 

cated in accordance with the present invention for de 
termining appropriate radiation exposures for printing 
and/or enlarging an image recorded in a color ?lm 
negative; 
FIG. 3 shows, in pictorial form, an apparatus fabri 

cated in accordance with the present invention for 
printing and/or enlarging an image recorded in a color 
?lm negative using radiation exposures determined by 
the apparatus shown in FIG. 2; 
FIG. 4 shows, in graphical form, the response of a 

photodetector disposed to detect radiation transmitted 
by the LCD modulator array shown in FIG. 2; and 

FIG. 5 shows, in graphical form, a method of sam 
pling the photodetector response curve of FIG. 4 for 
use in fabricating the apparatus shown in FIG. 2. 
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DETAILED DESCRIPTION 

FIG. 2 shows an embodiment of an apparatus for 
determining appropriate radiation exposures for print 
ing and/or enlarging an image recorded in color ?lm 
negative 100 in accordance with the present invention. 
Before describing the operation of apparatus 200 in 
detail we will ?rst describe the operation of apparatus 
200 in general. 

In succession, radiation from each of three laser 
sources, for example, red, green and blue radiation, 
impinges upon and is transmitted through LCD modu 
lator array 400 and then through color ?lm negative 
100. LCD modulator array 400 is comprised of liquid 
crystal pixels which can be opened to transmit radiation 
and closed to block radiation. As will be explained in 
detail below, the pixels of LCD modulator array 400 are 
sequentially opened and closed at a rapid rate, i.e., at 
intervals which are much shorter than the closing time 
of the pixels of the LCD modulator array. The radiation 
in each beam which is transmitted by the pixels of LCD 
modulator array 400 and by color ?lm negative 100 is 
measured, and the measurements are stored by control 
ler 310. Controller 310 then determines the relative 
contributions of red, green and blue radiation in the 
original exposure which produced the image recorded 
in each area of color ?lm negative 100 which is sequen 
tially illuminated by each beam. Controller 310 makes 
this determination by comparing the measurements of 
red, green and blue radiation which were transmitted 
through each area of color ?lm negative 100 after pass 
ing through LCD modulator array 400. These relative 
contributions of red, green, and blue radiation in the 
original exposure are used, in a manner which is well 
known to those of ordinary skill in the art, to calculate 
appropriate pixel exposure times for LCD modulator 
array 400 for the red, green, and blue radiation so that 
illumination of color ?lm negative 100 through LCD 
modulator array 400 will produce the appropriate color 
exposure of a copy ?lm. 

Referring now to FIG. 2, apparatus 200 is comprised 
of three coherent laser radiation sources 212, 214, and 
216. Laser radiation source 212 comprises a helium-cad 
mium laser for providing a beam of blue radiation, laser 
radiation source 214 comprises an argon laser for pro 
viding a beam of green radiation, and laser radiation 
source 216 comprises a helium-neon laser for providing 
a beam of red radiation. 

Blue laser radiation from laser source 212 passes 
through dichroic mirror 226, through dichroic mirror 
230 and aperture 234. Green laser radiation from laser 
source 214 is directed to dichroic mirror 226 by reflect 
ing surface 228. Dichroic mirror 226 directs the green 
laser radiation to dichroic mirror 230 and thence to 
aperture 234. Red laser radiation from laser source 216 
is directed to dichroic mirror 230 by reflecting surface 
232 and thence to aperture 234. 

Laser sources 212, 214 and 216 are energized in suc 
cession, in response to signals from controller 310, and 
the laser radiation from each is directed through aper 
ture 234 which blocks unwanted diffracted orders. 
After passing through aperture 234, the laser radiation 
from laser sources 212, 214, and 216, respectively, is 
reflected from re?ecting surfaces 236 and 610 and is 
then transmitted through ground or frosted glass 244 
which is rotatably driven about axis AA by motor 246. 
Ground glass 244 changes the laser radiation from co 
herent radiation to incoherent radiation to eliminate any 
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speckle effect which is normally associated with coher 
ent laser radiation. 
The spot of radiation projected onto ground glass 244 

is thereafter broadened by non-achromatic negative 
lens 611 and, together with thin, non-achromatic, posi 
tive ?eld-lens 612, provides a beam which encompasses 
LCD modulator array 400. A ?rst portion of the radia 
tion transmitted by LCD modulator array 400 is de‘ 
flected by beamsplitter 520 and focused by positive lens 
525 onto red, blue and green photosensors 530, 531, and 
532, respectively, and a second portion of the radiation 
transmitted by LCD modulator array 400 is projected 
upon color ?lm negative 100 by copy lens 615 and thin, 
non-achromatic, positive ?eld lens 613. An enlarging 
lens may be used in place of copy lens 615 if an enlarge 
ment of the image recorded in color ?lm negative 100 is 
being made. The radiation transmitted by color ?lm 
negative 100 is focused by positive print lens 614 onto 
red, green, and blue color photosensors 550, 551, and 
552, respectively. In practice, photosensors 530—532 and 
photosensors 550-552 ought to be so close together, 
respectively, that the photosensors in each group indi 
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vidually respond uniformly to information anywhere in I 
LCD modulator array 400 and color ?lm negative 100, 
respectively. 
The pixels of LCD modulator array 400 are opened 

and closed ina rapid sequence in response to signals 
provided by controller 310, one after the other, at inter 
vals which are much shorter than the closing time of the 
pixels of the LCD modulator array. 
Each trio of photosensors, i.e., photosensors 530, 531, 

and 532 and photosensors 550, 551, and 552, provides 
analog electronic information signals corresponding to 
the intensity of the particular color radiation transmit 
ted thereto. The electronic information signals output 
from each trio of photosensors are ampli?ed by ampli? 
ers in controller 310 (not shown) in a manner which is 
well known to those of ordinary skill in the art and, 
thereafter, they are converted from analog signals to 
digital signals by analog-to-digital converters in con 
troller 310 (not shown) in a manner which is also well 
known to those of ordinary skill in the art. 

Controller 310 converts the response from photosen 
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sors 530, 531, and 532 into: (a) a “background” sample ' 
of the radiation transmitted by LCD modulator array 
400 before controller 310 sent a signal to LCD modula 
tor array 400 to cause a particular pixel thereof to be 
opened and (b) a “spike” sample of the radiation trans 
mitted by LCD modulator array 400 after controller 
310 sent a signal to LCD modulator array 400 to cause 
the particular pixel to be opened. Controller 310 then 
determines a measure of the amount of radiation trans 
mitted by the particular pixel to be the difference be 
tween the “spike” sample corresponding to the level of 
the radiation received by photosensors 530, 531, and 
532 after the particular pixel was opened and the “back 
ground” sample corresponding to the level of radiation 
received by photosensors 530, 531, and 532 before the 
particular pixel was opened. This amount of radiation is 
the amount of radiation which impinges upon color ?lm 
negative 100 as a result of opening the particular pixel. 
Note that the speci?c times at which the “spike” sample 
and the “background” sample are taken for a particular 
type of LCD material are determined in accordance 
with methods well-known to those of ordinary skill in 
the art. 

Next, controller 310 converts the response from pho 
tosensors 550, 551, and 552 into a “film” sample at the 
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6 
time the “spike" sample is taken, i.e., after the particular 
pixel was opened. The “?lm" sample is the radiation 
transmitted by color ?lm negative 100 when the partic 
ular pixel was open. Controller 310 stores the “film” 
samples of radiation transmitted through color ?lm 
negative 100 for later use during printing and/ or enlarg 
ing. 

In sum, controller 310 sends signals to LCD modula 
tor array 400 to cause each pixel thereof to be opened 
and closed in a rapid sequence, one after another, at 
intervals which are much shorter than the closing time 
of the pixels. As shown by FIG. 1, the transmittance of 
a pixel which is closed after being opened decays slowly 
and, as a result, the response of a photodetector, such as 
photodetector 530, 531, or 532 of FIG. 2, is roughly as 
shown in FIG. 4. As one can readily appreciate from 
this, as each pixel is opened, a spike appears which rides 
above a background. This information is used, in accor 
dance with the present invention, when controller 310 
converts the response of photodetectors 530, 531, and 
532 into samples at two sample windows, which sample 
windows are shown for illustrative purposes in FIG. 5. 
The ?rst sample, “background” sample 700, is taken 
before controller 310 sent a signal to LCD modulator 
array 400 to cause it to open a particular pixel. This 
occurs at a predetermined time after controller 310 sent 
a signal to LCD modulator array 400 to cause it to close 
the pixel which had previously been opened in the se 
quence. “Background” sample 700 provides an indica 
tion of the background radiation transmitted by LCD 
modulator array 400. The second sample, “spike” sam 
ple 710, is taken after controller 310 sent a signal to 
LCD modulator array 400 to cause it to open the partic 
ular pixel. Due to the fast opening time of the pixel, as 
indicated by FIG. 1, “spike” sample 710 provides an 
indication of the radiation transmitted by the particular 
pixel. 

Lastly, controller 310 determines the relative contri 
butions of red, green and blue radiation in the original 
color exposure which produced the image recorded in 
each area of color ?lm negative 100 which is sequen 
tially illuminated by each beam. Controller 310 makes 
this determination by comparing the measurements of 
the red, green and blue radiation which were transmit 
ted through each area of color film negative 100 after 
passing through LCD modulator array 400. These rela 
tive contributions of red, green, and blue radiation in 
the original exposure are used, in a manner which is 
well known to those of ordinary skill in the art, to calcu 
late appropriate pixel exposure times for LCD modula 
tor array 400 for the red, green, and blue radiation so 
that illumination of color ?lm negative 100 through 
LCD modulator array 400 will produce the appropriate 
color exposure of copy film 300. In addition, it should 
be understood that certain types of picture quality en 
hancement, by means of methods well known to those 
of ordinary skill in the art, such as, for example, dodg 
ing, may be used to determine appropriate amounts of 
radiation for transmission through the various pixels of 
LCD modulator array 400 to produce predetermined 
enhancements. 

Referring now to FIG. 3, there is shown generally at 
600 an embodiment of an apparatus for printing and/or 
enlarging an image recorded in color ?lm negative 100, 
which embodiment uses radiation exposures determined 
and stored by controller 310 of apparatus 200 shown in 
FIG. 2. Before describing the operation of apparatus 
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600 in detail, its operation ?rst will be described in 
general. 
The pixels comprising LCD modulator array 400 are 

all opened. Then, in succession, radiation from each of 
the three laser sources impinges upon and is transmitted 
through LCD modulator array 400 and color ?lm nega 
tive 100 to strike color ?lm 300. For each of the beams 
of radiation, the pixels of LCD modulator array 400 are 
closed at predetermined times, under the control of 
controller 310, in accordance with the measurements 
and calculations made as a result of using apparatus 200 
shown in FIG. 2, to ensure that the exposure of color 
?lm 300 is substantially the same as that which pro 
duced the image recorded in color ?lm negative 100. 
The portions of apparatus 200 and 600 which are 

denoted by the same numbers are the same, and they 
operate in the manner described above in regard to 
apparatus 200, except for certain additional features of 
controller 310. 

Laser sources 212, 214 and 216 are energized in suc 
cession, in response to signals from controller 310, and 
the laser radiation from each is directed through aper 
ture 234 in the manner described above with regard to 
apparatus 200 shown in FIG. 2. After passing through 
aperture 234, the laser radiation from laser sources 212, 
214, and 216, respectively, is reflected from re?ecting 
surfaces 236 and 610 for transmission through ground 
glass 244. 
The spot of radiation projected onto ground glass 244 

is thereafter broadened by non-achromatic negative 
lens 611 and, together with thin, non-achromatic, posi 
tive ?eld lens 612, provides a beam which encompasses 
LCD array modulator array 400. The radiation trans 
mitted by LCD modulator array 400 is projected onto 
color ?lm negative 100 by copy lens 615 and thin, non 
achromatic, positive ?eld lens 613. An enlarging lens 
may be used in place of copy lens 615 if an enlargement 
of the image recorded in color ?lm negative 100 is being 
made. The radiation transmitted by color ?lm negative 
100 is focused by positive print lens 614 onto color ?lm 
300 to expose it to make a print or an enlargement. 
The pixels of LCD modulator 400 are activated in 

response to signals provided thereto by controller 310. 
In particular, at the beginning of the exposure to each 
beam of radiation from a source, the pixels comprising 
LCD modulator array 400 are all opened. Then, the 
pixels of LCD modulator array 400 are individually 
addressed and closed in response to signals provided at 
predetermined times by controller 310, in accordance 
with the measurements and calculations described 
above with regard to apparatus 200 shown in FIG. 2, to 
ensure that exposure of color ?lm 300 is substantially 
the same as that which produced the image stored in 
color ?lm negative 100. One means for achieving this 
individual control of the pixels is to scan the entire array 
electronically at a normal television rate or faster so 
that the “open” command is repeated at an interval 
shorter than the liquid crystal closing time. 

Other embodiments of the invention, including addi 
tions, subtractions, deletions and other modi?cations of 
the preferred disclosed embodiments of the invention 
will be obvious to those skilled in the art and are within 
the scope of the following claims. For example, embodi 
ments of the present invention may use non-laser 
sources of radiation. In addition, the LCD modulator 
array 400 of the apparatus shown in FIG. 2 may be of 
such a high resolution that the information provided by 
controller 310 may be used to print or enlarge the image 
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in the color ?lm negative without using the color ?lm 
negative as shown in FIG. 3. For example, in such an 
embodiment, instead of controller 310 calculating the 
appropriate pixel exposure times for LCD modulator 
array 400 for the red, green and blue radiation so that 
illumination of color ?lm negative through LCD modu 
lator array 400 will produce the appropriate color expo 
sure of copy ?lm 300 as described above for the embodi 
ment shown in FIG. 3, in an embodiment which prints 
without using the negative, controller 310 calculates 
appropriate pixel exposure times for LCD modulator 
array 400 for the red, green, and blue radiation so that 
illumination of LCD modulator array 400 alone will 
produce the appropriate color exposure of copy ?lm 
300. In such embodiments, the information relating to 
the image may be stored electronically, for example, on 
video tape. In addition, such embodiments advanta 
geously permit the information relating to the image to 
be transmitted electronically, for example, by data links, 
and permit the image to be printed without having to 
use the color ?lm negative. 

Further, it should be clear to those of ordinary skill in 
the art that embodiments of the present invention may 
be utilized to print and/ or enlarge an image recorded in 
a color ?lm negative, a positive transparency or a color 
print. In addition, controller 310 may also be used to 
provide variations of exposure to take into account 
well-known variations in development techniques or 
well known variations in ?lm development characteris 
tics. 

Still further, although we have described the present 
invention in terms of LCD modulator arrays having a 
small opening time and a relatively large closing time, it 
should be clear to those of ordinary skill in the art that 
LCD arrays which are comprised of pixels having a 
small closing time and a relatively long opening time 
may be utilized to provide embodiments of the present 
invention in a manner which is analogous to the above 
described embodiments. In addition, it should be clear 
to those of ordinary skill in the art that such LCD mod 
ulator arrays may be fabricated by rotating the direction 
of polarization of polarizers which comprise the LCD 
modulator arrays. 

Yet still further, it should be clear to those of ordi 
nary skill in the art that the apparatus of FIGS. 2 and 3 
can be adapted to means for contact printing. 
What is claimed is: 
1. Apparatus for determining exposure levels for 

printing or enlarging an image recorded in a medium, 
said apparatus comprising: 

an LCD modulator array consisting of a plurality of 
liquid crystal pixels each of which has an open state 
for transmitting radiation incident thereto and a 
closed state for blocking radiation incident thereto; 

means for irradiating said LCD modulator array with 
at least onecolor or light; 

?rst photosensor means disposed for detecting at least 
a portion of the radiation transmitted by said LCD 
modulator array; 

second photosensor means disposed for detecting at 
least a portion of the radiation which impinges 
upon and is affected by the medium; and 

controller means for: 
(a) sending signals to the LCD modulator array to 

cause said pixels to open and close in sequence, 
one at a time, at a rate which is faster than the 
larger of the opening or closing time of said 
pixels; and 
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(b) receiving responses from said ?rst and second 

photosensor means. 
2. The apparatus of claim 1 wherein said controller 

means further includes means for sending signals to said 
LCD modulator array to cause particular pixels to se 
lectively open and close and for converting the, re 
sponses from said ?rst photosensor means into: 

(a) a “background” sample of radiation transmitted 
by said LCD modulator array before said control 
ler means sends a signal for a particular pixel to 
open or close, and 

(b) a “spike” sample of radiation transmitted by said 
LCD modulator array after said controller means 
sent a signal to cause a particular pixel to open or 
close. 

3. The apparatus of claim 2 wherein said controller 
means determines a measure of the amount of radiation 
which is transmitted by said LCD modulator array by 
the particular pixel from said “background” sample and 
said “spike” sample. 

4. The apparatus of claim 3 wherein said controller 
means converts the response from said second photo 
sensor means at the time of said “spike” sample into a 
“?lm” sample of radiation affected by the medium. 

5. The apparatus of claim 4 wherein said controller 
means determines the exposure which produced the 
image recorded in the medium in the areas of the me 
dium that were exposed to radiation transmitted by said 
pixels of the LCD modulator array. 

6. The apparatus of claim 5 which further comprises 
storage means wherein said controller means stores, for 
each pixel of said LCD modulator array, the time re 
quired to produce the exposure of a color ?lm which 
will print or enlarge the image when radiation from said 
radiation means is transmitted thereto after being trans 
mitted by said LCD modulator array and being affected 
by the medium. 

7. The apparatus of claim 5 further comprising stor 
age means wherein said controller means stores, for 
each pixel of said LCD modulator array, the time re 
quired to produce the exposure of radiation of a color 
?lm which will print or enlarge the image when radia 
tion from said radiation means is transmitted thereto 
after being transmitted by said LCD modulator array. 

8. The apparatus of claim 3 wherein the medium is a 
color ?lm negative and the closing time of said LCD 
pixels is larger than the opening time. 

9. Apparatus for determining exposures for printing 
or enlarging an image recorded in a medium, said appa 
ratus comprising: 

an LCD modulator array, being comprised of a multi 
plicity of liquid crystal pixels, for transmitting at 
least a portion of the radiation which impinges 
thereon; 

at least one source of radiation for generating at least 
one beam of radiation which impinges upon said 
LCD modulator array; 

means for directing at least a portion of the radiation 
which is transmitted by said LCD modulator array 
to impinge upon the medium; 

' ?rst photosensor means disposed for detecting at least 
a portion of the radiation transmitted by said LCD 
modulator array; 

second photosensor means disposed for detecting at 
least a portion of the radiation which impinges 
upon and is affected by the medium; and 

controller means for: 
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(a) sending signals to said LCD modulator array to 

cause the pixels of said LCD modulator array to 
open and close or close and open in sequence, 
one at a time,‘ at a rate which is faster than the 

5 larger of the opening or closing time of the pix 
els; and 

(b) receiving responses from said ?rst and second 
photosensors. 

10. Apparatus for printing or enlarging an ' image 
10 recorded in a medium, said apparatus comprising: 

an LCD modulator array, being comprised of a multi 
plicity of liquid crystal pixels, for transmitting at 
least a portion of radiation which impinges 
thereon, a portion of the transmitted radiation im 
pinging upon and being affected by the medium; 

at least one source of radiation for generating at least 
one beam of radiation which impinges upon said 
LCD modulator array; 

controller means for: 
(a) sending signals to said LCD modulator array to 
open all the pixels thereof if the closing time is 
larger than the opening time; 

(b) retrieving from a storage means, for each pixel 
of the LCD modulator array, the open time re 
quired to produce the exposure of radiation of a 
color ?lm which will print or enlarge the image 
when radiation from the source is transmitted 
thereto through said LCD modulator array and 
is affected by the medium; and 

(c) sending a signal to said LCD modulator array 
to cause the pixels to be closed when said open 
time has been reached for each. 

11. Apparatus for printing or enlarging an image 
recorded in a ?lm negative, said apparatus comprising: 

an LCD modulator array, being comprised of a multi 
plicity of liquid crystal pixels, for transmitting at 
least a portion of radiation which impinges 
thereon; 

at least one source of radiation for generating at least 
one beam of radiation which impinges upon said 
LCD modulator array; 

controller means for: 
(a) sending signals to said LCD modulator array to 

open all the pixels thereof if the closing time is 
larger than the opening time; 

(b) retrieving from a storage means, for each pixel 
of said LCD modulator array, the open time 
required to produce the exposure of radiation of 
a color ?lm which will print or enlarge the image 
when radiation from the source is transmitted 
thereto through said LCD modulator array; and 

(c) sending a signal to said LCD modulator array 
to cause the pixels to be closed when said open 
time has been reached for each. 

12. A method for determining radiation exposures for 
printing or enlarging an image recorded in a medium, 
said method comprising the steps of: 

directing radiation through an LCD modulator array 
comprised of a multiplicity of liquid crystal pixels; 

detecting at least a portion of the radiation transmit 
ted by said LCD modulator array; 

opening and closing or closing and opening the pixels 
of said LCD modulator array in sequence, one at a 
time, at a rate which is faster than the larger of the 
opening or closing time of the pixels; 

directing at least a portion of the radiation transmit 
ted by said LCD modulator array to impinge upon 
the medium; 
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detecting at least a portion of the radiation affected 
by the medium; and 

determining the radiation exposures from the por 
tions of radiation detected. 

13. A method for printing or enlarging an image 
recorded in a medium, said method comprising the steps 
Of: 

opening all the pixels of an LCD modulator com 
prised of a multiplicity of liquid crystal pixels if the 
closing time is larger than the opening time; 

directing radiation to impinge upon the LCD modu 
lator array; 

directing at least a portion of the radiation transmit 
ted by the LCD modulator array to impinge upon 
the medium; and 

closing the pixels of the LCD modulator array when 
a sufficient time has passed to produce the exposure 
of radiation of a color film which will print or 
enlarge the image when radiation from the source 
is transmitted thereto through the LCD modulator 
array and is affected by the medium. 

b. O 
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14‘ The method of claim 13 wherein at least two of 

the pixels are simultaneously open to minimize the over 
all time required for exposure. 

15. A method for printing or enlarging an image 
recorded in a medium, said method comprising the steps 
Of: 

opening all the pixels of an LCD modulator com 
prised of a multiplicity of liquid the closing time is 
larger than the opening time; 

directing radiation to impinge upon the LCD modu 
lator array; 

closing the pixels of the LCD modulator array when 
a sufficient time has passed to produce the exposure 
of radiation of a color ?lm which will print or 
enlarge the image when radiation from the source 
is transmitted thereto through the LCD modulator 
array. 

16. The method of claim 15 wherein at least two of 
the pixels are simultaneously open to minimize the over 
all time required for exposure. 
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